of heavy ions, whereas GCR are heavy ions ranging from hydrogen through iron spanning many orders of magnitude in energy. For these missions, program performance and reliability requirements necessitate the need for heavy ion certification. To date, this has been carried out by traditional (low energy) heavy ion testing as well as using the Variable Depth Bragg Peak (VDBP) method for part characterization and for destructive screening.
NASA has primarily conducted proton testing at the Indiana Cyclotron Facility until closure in December 2014, and afterwards, at the Francis Burr Proton Facility (MGH) in Boston, Ma. For heavy ions, NASA continues to use Lawrence Berkeley National Laboratory (LBNL) and the Texas A&M Cyclotron Facility (TAMU) for low energy testing. For high energy testing, NASA has been using the techniques developed by the NASA Johnson Space Center to use the high energy beams at Brookhaven National Laboratory at the NASA Space Radiation Laboratory [3] - [5] .
This paper summarizes the test results through the year 2016 in the above mentioned programs and provides generic information to allow the user to evaluate radiation performance for various radiation environments.
II. TEST PROTOCOL

A. Proton testing
NASA uses 200 MeV protons to test for destructive and nondestructive errors for hardware intended for LEO, i.e. for the International Space Station (ISS) [6] - [7] . This test exposes most known failure modes that have a Mean Time Before Failure (MTBF) <= 10 years in the LEO environment. Proton testing replicates approximately 6-10 years of the heavy ion linear energy transfer (LET) environment up to an LET of approximately 10-14 MeV-cm 2 /mg in silicon. The proton beam typically loses less than 10% of its energy while passing through the electronic parts. Secondary recoils are typically produced though the inelastic collisions of individual protons with the nuclei in the device, which is primarily silicon, but may contain higher charge elements such as tungsten.
The typical test exposes the device under test to a fluence of greater than or equal to 1.0x10 10 protons/cm 2 which accomplishes two goals. The first is to find single event effects caused by heavy ions up to LET of ~10 MeV-cm 2 /mg. Secondly, the test produces a total ionizing dose (TID) of at least 600 rads (Si), which corresponds to about 10 years of total ionizing dose exposure in LEO.
This NASA method does not fully characterize the part, but it intends to screen for hard failures and provides very conservative estimates up to a 10 year MTBF in LEO [6] - [8] . This test is typically performed at the board or box level which provides a means to reduce the cost of testing, especially with modern Commercial Off-The-Shelf (COTS) units. The test can be used for down-selection for both LEO and deep space applications as well as provide conservative SEE and TID results.
B. Traditional Heavy Ion Testing
NASA uses traditional methods to perform heavy ion testing and requires each part be characterized to high LET (depending on mission) or failure. Traditional methods require delidding of the parts for single piece part testing and characterization. Often times, components with specific application voltages representative of flight like conditions are tested to understand transient radiation induced responses to these devices or test for the effectiveness of mitigation strategies. Analyses of the SEE signatures at the system level are required to determine the system effects and what mitigations are necessary. Testing complex parts and applying those results to complex systems is a difficult task. The radiation analysis typically involves circuit analysis to evaluate the system level effects while cataloging the effects of each part in the system.
C. High Energy Heavy Ion Testing
Increasingly, the human rated missions are incorporating complex parts that are too difficult (or costly) to delid or have sensitive volume depths unreachable by low energy heavy ion beams. This problem has been encountered on the Orion Multipurpose Crewed Vehicle program [9] . Additionally, designs include more Commercial Off-The-Shelf (COTS) units to support crew activities for which there are no radhard versions available. In these cases, the traditional test facilities at TAMU and LBNL cannot provide beams with enough energy to penetrate these devices. Furthermore, NASA JSC is seeing a trend towards screening flight boards to certain LET levels for destructive effects while also using the high energy beams to evaluate flight circuits for evaluation of system level soft errors. For individual parts characterization, we employ the Variable Depth Bragg Peak (VDBP) method [3] - [5] and for screening, a modified VDBP method which uses the various degrader steps to ensure all locations in the board are exposed to a certain LET level desired by the program. All VDBP testing reported in this report was accomplished using the ion beams listed in Table  1 . The NSRL staff have published an overview of the NSRL facility with more details on beam ion selection and other beam characteristics [10] . For VDBP destructive screening, a series of degrader steps are used to slide the Bragg curve through the whole device. Where the Bragg curves intersect will define a minimum LET exposure at all locations in that device and this value is a function of the degrader step size used. Figure 1 shows the 165 MeV/n Au beam with 0.3 mm of degrader will expose the whole part to an LET of 69 MeV-cm 2 /mg or higher. Table 2 is an excerpt from the testing results table that includes over 100 parts. For each part, the table gives the report number, the part number, the Lot Date Code (LDC), part type, manufacturer, where it was tested and to what LET and characterization data when determined, i.e. a set of Weibull parameters for heavy ion data and Bendel parameter for proton test data, along with important notes. The LDC's are provided for the tested parts because part manufacturing variations are known to affect radiation susceptibility and this information is useful when assessing current parts against previously tested parts. σsat=1.12x10 We have presented proton test data and/or heavy ion test data results for a variety of piece parts and/or COTS units being considered for applications in a LEO or deep space radiation environment. Additionally, test data from high energy heavy ion testing (VDBP) has been discussed and presented. As NASA continues to develop plans for deep space missions, new radiation-related challenges will exist with the increased use of COTS parts and hardware. With limited budgets, designers are increasingly looking to published data in compendiums such as this to help make decisions on parts.
III. TEST RESULTS OVERVIEW
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